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EXECUTIVE SUMMARY

The objective of this study was to estimate the nature and distribution of
damage to structures in the southern California area caused by a hypotheti-
cal earthquake which is located on the San Andreas fault, has a rupture
length of 300 km, and spans the area between Cholame to the north and Cajon
Junction to the south. Its Richter magnitude was given as 8.1. The Engi-
neering Intensity Scale (EIS) technique was used to make the damage estima-
tion. Two unique features of the EIS technique, which establish the nature
and character of the predictions made, are: (1) damage is established from
response spectrum values of ground motion, and (2) damage estimates consist
of a definition of the areas in which structures might be damaged and a gen-
eral evaluation of the incidence and degree of damage that such structures
might sustain. Detailed structure inventories are beyond the scope of this

evaluation, but exposure in the affected area is generally identified.

Basic earthquake information was provided by the U.S. Geological Survey and
included the length of rupture, the magnitude of the hypothetical earthquake,
and the geological conditions of the affected area. Rossi-Forel intensity
maps were also provided; these were used to make a preliminary estimate of
the study area for structural data-gathering purposes. The procedure used for
generating the EIS values was as follows. First, peak ground acceleration at
a particular site of interest was determined. The parameters required to
determine acceleration are distance from the causative fault, magnitude of
the earthquake, and specific density and shear wave velocity of the ground

at a site. Next, response spectra were generated. Four basic spectrum
shapes were established to represent the influences of site geology on re-
sponse spectra. Finally, EIS values for three period bands (less than 0.4
sec, 0.4 to 2.0 sec, greater than 2.0 sec) were determined from the response

spectrum curves for each site.

The EIS values represent 5%-damped response spectrum amplitudes. The range
of spectral velocity (Sb) and period (T) applicable to civil engineering

structures is represented as a 10 x 9 matrix, as shown below. The range of
5, values, from 0.001 to 1000.0 cm/sec, is divided into ten levels that are
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assigned El numbers from 0 to 9. The T range, from 0.01 to 10 sec, is divided

into nine period bands from I to IX.
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DEINEERING INTENSITY SCALE WATRIX
SUPERINPOSED On EXNPLE SPECTRIM

By referring to the period columns, the El scale can be reported as nine-
digit, three-digit, or one-digit numbers, or by all three, in a standard
format. The more digits reported, the greater the amount of information for
the period bands. For this study, three-digit and one-digit representations
were used to show the EIS values. The values were averaged within the period
range of interest to obtain the three-digit representation. For the example
spectrum shown above, a nine-digit representation would be 456,777,765. A
three-digit representation reduces to 5,7,6: an average El of 5 in period
bands I, II, IIT (less than 0.4 sec); 7 in period bands IV, V, VI (0.4 to
2.0 sec), and 6 in period bands VII, VIII, IX (greater than 2.0 sec). A one-
digit El is obtained by averaging the values of the three-digit El. The
three-digit El of 5,7,6 is thus reduced to a one-digit El of 6.

Structures considered in this study include buildings and other structures

found in communities as well as major areawide hydraulic, transportation,

and utility systems and facilities found in the study area. The structure
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information was obtained from various sources for the 14 counties in south-
ern California (Fresno, Kern, Kings, Los Angeles, Monterey, Orange, River-
side, San Benito, San Bernardino, San Diego, San Luis Obispo, Santa Barbara,
Tulare, and Ventura) that are affected by the postulated earthquake. Be-
cause an EIS prediction is conceived as only a generalized damage assess-
ment, structures were categorized according to function, type of construc-
tion, height, etc. Most of the structures in a particular community are
common to all communities of the study area. Furthermore, the number of
structures in a community is generally proportional to the population of the
community; this premise was used extensively for making this preliminary dam-

age estimate.

In the study area, which covers approximately 154,000 km2, the highest
three-digit El is 7,8,8. This three-digit El corresponds to a one-digit El
of 8-. The highest El for a city, 6,8,8 (one-digit El: 7~), is for a com-
munity with a population of approximately 10,000. Although there are a num-
ber of large cities in the 5,7,7; 5,7,6; and 5,6,6 zones (one-digit El: 6+,
6, and 6-, respectively), most of the major metropolitan areas (including
Los Angeles) are in the 4,6,5 and 4,5,5 zones (one-digit Els: 5 and 5-).
The number of cities reported in census data for each one-digit El zone is
tabulated below. The combined population of these cities for each El zone

is also shown in the table.

NUMBER OF CITIES AND CORRESPONDING POPULATION*
IN RESPECTIVE ONE-DIGIT EI ZONES

Combined
Population
1-Digit Number of of Cities
EI Zone Cities (in thousands)
7+ 1 9
7 - -
7- - -
6+ 3 36
6 2 28
6- 2 133
5+ 7 149
5 14 251
5- 104 6,122
4+ 37 1,232
4 23 1,221
4- 4 487
3+ 13 82
3 7 77

*From 1970 census data; does not include popu-
lation for small communitfes.
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The El-damage relationships developed from the San Fernando earthquake of
1971 indicated that an El of 6 in the short-period range (less than 0.4 sec)
would produce a damage cost of approximately 9% of the replacement value for
typical low-rise buildings. Similarly, an El of 7 in the intermediate-period
range (0.4 to 2.0 sec) would produce a damage cost of about 6.5% of the re-
placement value for high-rise buildings. For structures for which no El-
damage statistics were available, damage cost was estimated from a compari-
son of the seismic design coefficients of the structures with those of typi-
cal buildings. The damage cost for structures with special design considera-
tions was estimated to be lower than that for typical buildings. On the
other hand, some poorly constructed structures such as precode unreinforced
masonry buildings, which have a lesser seismic-resistance capability, were
expected to have a higher damage cost. For a typical community, the three-
digit El of 6,7,7 (one-digit El: 7-) is estimated to produce a damage cost
of 9% of the replacement value of the structures. For Els of 5,6,6 (one-
digit El: 6-) and 4,5,5 (one-digit El: 5-), the values are 2% and 0.3%,
respectively. Although damage prediction for specific cities is not pro-
vided, a damage estimation for several El levels is described for a hypothet-
ical community. The procedure for applying these damage calculations to a

specific community is also described.

Because residential buildings make up the major portion of the buildings in
a community, losses from these buildings figure heavily in the total dollar
loss to the community from an earthquake. The total damage to private build-
ings from the hypothetical earthquake is estimated to be about $600 million;
an equal amount is estimated for damage to public buildings and other public
structures. This figure is an estimate of the mean or expected damage for
the entire area. The actual damage cost may vary, depending on the distri-
bution of damage for the many communities involved. Observed statistical
variations from previous earthquake studies, for both the spectral values
and the motion-damage relationships, will no doubt be repeated for any fu-
ture earthquake. A rigorous estimate of the statistical variation of dam-
age for the hypothetical earthquake is beyond the scope of this study, but

a one-sigma geometric variation could be several times the mean value., Er-
ror in the mean predicted value is not expected to be as large. Also, the
above estimate does not take into consideration-the damage resulting from
the possible catastrophic failure of major facilities (e.g., a dam) and the

secondary damage that may result.
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Deaths and injuries (with the exception of immediate physiological effects
such as heart attacks) are the secondary effects of earthquakes, occurring
as a consequence of structure damage and failure. They may result from ob-
Jjects falling from buildings, collapse of buildings, failure of dams, and
other primary earthquake effects. Thus a higher incidence of deaths and in-
juries is associated with structures that have high damage potential than
with those having lower damage potential (e.g., precode unreinforced masonry
buildings versus modern buildings with earthquake-resistive structural de-
tails). On the basis of past experience, deaths are not expected in areas
with a one-digit El less than 6-, but injuries could extend to areas with a

one-digit El of 5.

A1l of the major areawide systems and facilities of the study area would be
severely affected by the hypothetical earthquake. Some of the facilities
are very close to the fault, and portions of the systems closely parallel
the entire fault break, actually crossing the fault at several locations.

The following table summarizes the number of major facilities in the high-El

zones.
SUMMARY TABULATION OF NUMBER OF MAJOR
FACILITIES* IN THE HIGH-EI ZONES
Number of Facilities
One-Digit EI Zone
Study

Type of Facility Area 5 5+ 6- 6 6+ 7- 7 7+
Concrete Dams 50 - - - - - - - -
Earth and/or Rock Fil) Dams 219 - 1 5 3 2 - 1 -
Hydraulic Fill Dams 11 - - 1 - - 3 - -
California Aqueduct
Facilities 15 - 2 3 1 3 - - 2
Highway Overcrossings
> 500 ft in Length 148 - 1 2 - - - -
Public Airports 108 - - 1 4 1 - - 2
Military Airports 16 - - - - 1 - - -
Natural Gas Transmission
Facilities 16 - - - - 1 - - -

Electric Power Generation
and Distribution Facilities 343 3 5 5 6 12 2 5 2

Petroleum Pumping, Terminal,
and Refinery Facilities 93 1 - 4 4 6 - 1 -

*Related conveyance systems are not included in the tabulation.



An EIS evaluation is only a preliminary step in the evaluation of earthquake
effects on structures. EIS data and results are intended to provide only an
overall identification and summary of the extent of the effects from a pre-
dicted earthquake. Should more definitive indications of an imminent earth-
quake appear, the data provided can be used to systematically perform more

detailed evaluations.

For those areas with a one-digit El equal to or greater than 6-, more de-
tailed inventories and evaluations than those that were employed for this
study should be made. For structures in a one-digit El zone equal to or
greater than 7-, a detailed engineering review should be carried out to eval-
uate the possible hazard to life and to determine remedial measures that

might be implemented.
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INTRODUCTION

The objective of the study was to estimate the nature and distribution of
damage that could occur to structures in southern California as a result of

a large earthquake on the San Andreas fault.

The Postulated Earthquake

The hypothetical earthquake, postulated by the U.S. Geological Survey (USGS)
as plausible in connection with the current ground surface ahomaly in the
vicinity of Palmdale, California, is geologically similar to the Fort Tejon
earthquake of 1857.1 From comparison with that earthquake and from the geo-
graphical location of the Palmdale Uplift, the postulated earthquake was
given as one producing a 300-km rupture that would span the area between
Cajon Junction, on the south, and Cholame, on the north. [ts magnitude was
given by USGS as 8.1. Figure 1 shows the position of the hypothetical

fault break and the boundaries of the counties in the study area.

Damage Prediction Procedure

Effects prediction for a postulated earthquake can vary from a cursory an-
swer to the question of whether or not lives will be lost and economic losses
suffered to a detailed response that evaluates every column and beam in a

structure for the possibility of failure. The work required for prediction
increases significantly with the degree of precision required, which in turn

varies according to the purpose and needs of the investigation.

During the past decade, URS/John A. Blume & Associates, Engineers, has been
engaged in the development of three distinct but interrelated methodologies

for predicting seismic damage. The methods that have evolved are:

e the Engineering Intensity Scale (EIS)2
e the Spectral Matrix Method (SMM)3,"
e the Threshold Evaluation Method (TEM)3

These procedures, summarized in Reference 6, were developed for the U.S.

Department of Energy to provide a means for making progressively more de-
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C
tailed predictions of the structure effects of seismic motions. Each of the
methodologies was developed from theoretical principles of structural engi-
neering and dynamic response and from laboratory or field test data. All
three have been used successfully for predicting the effects of underground
nuclear explosions (UNEs), which produce motion essentially the same as

that from an earthquake. Where possible, the methods have been calibrated
or verified using observed data on damage caused by ground motion. Although
effects prediction requirements for UNEs are not identical to those for
earthquakes, all of the basic development work for these methodologies done

so far is applicable to earthquake damage prediction.

One of the first steps necessary in predicting the effects of an earthquake
is to estimafe the extent of the geographic area in which structures are
susceptible to damage. The next step is to make a general evaluation of the
incidence and degree of damage that might be sustained. The EIS procedure
was developed to accomplish both steps and is the method used in this study.

A description of the EIS method is provided in Appendix A.

Scoge

When the present study of the Palmdale Uplift was commissioned, a general
effects prediction was deemed appropriate because of prevailing opinion that
the uplift phenomenon could be a precursor to a great earthquake. Consistent
with this view, the purpose of this study is to make a general overall esti-
mate of damage that would be caused by the anticipated earthquake. Should
more definitive indications of an imminent earthquake appear, more detailed

effects predictions would be warranted.

The work necessary to predict the effects of the postulated earthquake is
identified by two features of the EIS procedure: (1) damage is established
from predicted engineering intensity values of ground motion, and (2) damage
estimates consist of a generalized identification of exposure and probable
loss. The initial effort of the study involved prediction of ground motion
amplitudes, response spectrum amplitudes, and engineering intensities (El)
and identification of the vulnerable region. Next, the numbers and types

of structures in the region were estimated on the basis of data available
from existing sources (e.g., reports, community. brochures) and from limited

surveys. Finally, the EIS procedure was applied to provide a generalized
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estimate of the incidence and degree of damage to various classes of struc-

tures in the vulnerable area.



ENGINEERING INTENSITY (E!) PREDICTION

As already stated, effects predictions that make use of the EIS procedure
are based on estimated response spectrum amplitudes. In general, response
spectrum values for a given site are a function of the magnitude of the en-
ergy release, the type of rupture it produces, distance from the source of
ground motion, and the geologic characteristics of the travel path and of
the receiving site. For the purposes of this study, response spectrum val-
ues were determined through a two-step process: estimation of peak ground
acceleration and normalization of four basic spectrum shapes for the various

geologic conditions of the region.

In predicting peak ground acceleration and response spectrum shapes, infor-
mation provided by USGS on site-specific geologic conditions was used. The
USGS's digital representation of the types of rocks distributed throughout
the study area is presented as Figure B-1 of Appendix B. The figure was
based on a California Division of Mines and Geology map of the general area,
digitized at every 30 minutes of latitude and longitude. The rocks repre-

sented on the figure are of ten geologic types, as described in Table 1.

The USGS Rossi-Forel (RF) intensities for the hypothetical earthquake were
also provided as background information for the study, together with the
computer program used in generating the intensities. RF intensities were
used primarily to make an initial estimate of the extent of the study area.
The procedure for determining RF intensity is discussed in References 7 and
8. Figure B-2 of Appendix B, the RF intensity map of the general area ad-
justed for geologic conditions, is presented for reference. A discussion in
which RF intensities are compared with EIS values is also presented in

Appendix B.

Ground Acceleration Estimates

The peak ground acceleration at a site is taken to depend on earthquake mag-
nitude, the shortest distance to the rupture, and the constitution of upper-
layer materials. The SAM V prediction method® for earthquake magnitude > 6.5

was used to obtain median peak ground acceleration, which is expressed as:

..5-



TABLE 1
GEOLOGIC CATEGORIZATION

Symbo1l Geologic Type
A Granitic and Metamorphic
B Paleozoic Sedimentary
C Early Mesozoic Sedimentary
D Cretaceous to Eocene Sedimentary
E Undivided Tertiary Sedimentary
F Oligocene to Middle Pliocene Sedimentary
G P1io-Pleistocene Sedimentary
H Tertiary Volcanic
I Quaternary Volcanic
J Quaternary Sediments




0.432M 91.225 (R + 25)-1.22b

a = 26.0e 2
where:

= ground acceleration (gal)

= earthquake magnitude

= shortest distance to rupture (km)
1/2 log (pVé)

= specific gravity

oS ° S R R
]

= site near-surface shear velocity (ft/sec)

Response Spectrum Values

Statistical studies have indicated that observed variation in the shapes of
response spectra can in part be attributed to differences in near-surface
geologic characteristics. With response spectra normalized to a common peak
ground acceleration, the most pronounced effect is an increase in the longer-
period (T > 0.5 sec) spectral amplitudes, corresponding with sites of lower
acoustic impedance. There also appears to be a tendency for the higher-
frequency response (f > 5 Hz) to be slightly greater at sites of higher acous-

tic impedance.

To maintain consistency with response spectrum prediction.technology, the ten
rock types shown in Table 1 were condensed into four categories of surficial
geological constitution, as shown in Table 2. The representative near-
surface shear-wave velocities and densities given in Table 2 were used to
prescribe the effect of local surface geology on peak ground acceleration

and on response spectrum shapes.

Figure 2 shows the basic median-level 5%-damped response spectrum shapes
used for the four geologic categories of Table 2. These shapes were based
on statistical studies performed on a number of significant earthquake rec-
ords to develop standardized design spectrum shapes for use in the seismic
design of nuclear power plant facilities.!0s11 The characteristics of these
median-level spectra are listed in Table 3. Note that the response spectrum
for geologic category CC (Plio-Pleistocene Sedimentary) is practically the

same as the median determined in Reference 10.
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EIS Maps

Once the peak ground acceleration and the response spectrum for a particular
site have been determined, the EIS values for various period bands can be
obtained by superimposing the response spectrum on the EIS matrix. As shown
in Figure 3, a peak ground motion of 1.0g for spectrum shape DD (from Figure
2) can be represented by a three-digit El of 6,8,8, where the first digit
represents short-period bands I, II, III (T < 0.4 sec); the second represents
intermediate-period bands IV, V, VI (T = 0.4 to 2.0 sec); and the third rep-
resents long-period bands VII, VIII, IX (T > 2.0 sec). The same peak ground
acceleration for spectrum shape AA can be represented by an El of 6,7,6.
Similarly, peak ground acceleration of 0.1g for spectrum shape DD can be rep-
resented by an El of 4,5,5, and so on, for other peak ground motions and spec-

trum shapes.

To show the El levels for the entire study area, isointensity contour maps
were developed for each of the three period ranges. Figure 4 is an EIS
isointensity map of the short-period bands; Figures 5 and 6 are maps of

the intermediate- and long-period bands, respectively. (Transparent copies
of these figures are enclosed in a pocket inside the back cover of the re-
port. For evaluation purposes, they may be superimposed on the structure

data maps of the study area presented in a later section.)

El Distribution

In the short-period range, the highest EfS value observed was 7; however, its
occurrence is limited to a few isolated locations immediately adjacent to

the fault (Figure 4). The next highest EIS value is 6, observed to a dis~-
tance of approximately 10 km from the fault over an area of approximately
6,400 km?. The area in which EI 5 appeared covered approximately 12,000 km?;
El 4 covered an area of about 33,000 km?. EI 3 was observed in most of the

remaining area, with the exception of extreme corners of the study area.

The highest EIS value observed in the intermediate-period range was 8 (Fig-
ure 5). Because of the high dependence of El in this period range on the
local geologic conditions, no simple description of areal distribution is
possible. Comparing Figures 4 and 5, the areas with EIS values of 5 and 6
in the short-period range are dominated by El 6, 7, and 8 in the intermediate-
period range.

- 11 -~
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FIGURE 5 EI CONTOUR MAP FOR THE INTERMEDIATE-PERIOD

RANGE (BANDS 1V, V, VI) FORM = 8.1
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The El distribution in the long-period range is quite similar to that of

the intermediate-period range (Figure 6). Again, because of the dependence

of El on local geology, a mixture of values is generally observed.

A summary of the approximate distribution of EIS values in the study area
is presented in Table 4.
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TABLE 4
TOTAL LAND AREA* ASSOCIATED

WITH EACH EI LEVEL

Period Band

EI I, I, III Iv, v, VI VII, VIII, IX
Level (< 0.4 sec) (0.4 to 2.0 sec) (> 2.0 sec)

8 -- 4,869 1,786

7 51 9,283 5,430

6 7,337 16,200 14,188

5 15,654 47,594 38,237

4 46,920 44,156 44,890

3 70,518 41,111 43,666

*A unit represents an area of one-half degree latitude by
one-half degree longitude (= 0.7 km2).

- 17 -




EIS DATA FOR DAMAGE ESTIMATION

Typical Buildings

In order to predict the effects of a hypothetical earthquake, it is first
necessary to determine, theoretically or empirically, the relationship be-
tween ground motion and damage. For the low-rise and high-rise buildings
found in the study area, that information was available from previous inves-
tigation of the 1971 San Fernando earthquake.l? Correlation of damage level,
expressed as mean damage cost factor (mDF), with engineering intensity showed
that for low-rise buildings the relationship was:

log = 8.86 log (ET) - 7.94

"pF
where:

ET = engineering intensity for (short-period) bands I,
II, III

For multistory buildings in the intermediate-period range, the relationship

was found to be:

log m . = 10.8 log (£7) - 10.3

where:

EI = engineering intensity for (intermediate-period)
bands IV, V, VI

Unreinforced Masonry Buildings

Among the buildings most often and most severely damaged during earthquakes
are structures with unreinforced masonry load-bearing walls. Such structures
can be found in most of the communities in the area affected by the postu-
lated earthquake. Many of them, built before seismic code requirements were
instituted (and often referred to as precode masonry buildings), have lim-
ited capacity to resist lateral forces because of the inadequate connection
of structural elements. In estimating the damageability of structures in

this class, it was assumed from past experiencel3~15 that their lateral-force-

resisting capacity is one-half that of the typical buildings noted above.

- 18 -



Mobile Homes

Because there are no seismic design requirements for mobile homes, estimates
of damage must rely upon previous experience. El values for the short-period
range!? and a limited amount of other datal“ were available for the San Fer-
nando earthquake. From those data, summarized in Table 5, the following re-

lationship was established for the short-period range:

My = 0.015 (E1) - 0.049

Special Structures

Because they are important to the general welfare, some structures are re-
quired to be designed and constructed according to standards that are higher
than those for typical buildings. Although no damage statistics from EIS
evaluation of previous earthquakes are currently available, it can be assumed
that these structures are able to withstand higher seismic forces than can

be resisted by typical buildings. Therefore, the damage cost factor for such
structures was estimated from comparison of their design requirements with

the design requirements!® and EIS damage statistics for typical buildings.
Some of the structures with special design considerations are:

public school buildings!?
hospital buildingsl®

State Water Project facilitiesl®
20

nuclear power plant structures

The seismic coefficients of required design for these buildings and for
typical buildings are shown on Figure 7 in terms of response spectra. The
response spectra for some of these facilities are developed on the basis of
the seismicity of specific sites and for the various types of structures in
each facility. Where the design values were given in terms of base shear
coefficients rather than spectral values (e.g., the UBC values), a conver-
sion was made using a standard building configuration. The base shear coef-
ficient, Cb, is given by the equation Cb = CKZ, where X (structural frame
coefficient) and 2 (seismic zone coefficient) were assumed to be unity. C

(lateral force coefficient) was calculated as a function of period, T, using

-19-



TABLE 5
DAMAGE_STATISTICS FOR MOBILE HOMES

A. Comparison of Damage Cost and EI Values at Corresponding Locations:

Distance from Fault (mile)

5-10 10-15 15-20
Cost of Damaged Items!* ($)
Coach 410 280 70
Awning and skirt 150 110 20
Contents 180 150 _80
Total 740 540 170
Damage Cost Factors*
High 0.053 0.039 0.012
Low 0.026 0.019 0.006
EI Range
Bands I, II, IIIl2 5.5 - 6.0 4,5 - 5.0 4.0 - 4.5

B. Estimated Mean Damage Cost Factor (mDF):

mpp = 0.015 (EI) - 0.049

*Middle range of unit cost for mobile homes was estimated to be $10,000
to $25,000, with an additional $4,000 for accessories.

_20_
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the formula C = 0.05/?5. To convert (p to spectral acceleration, Sﬁ, a Cb/Sa

ratio of 0.8 was used.6,21

Damage Statistics for Special Structures

As already stated, estimation of m._, in terms of El for typical buildings

was obtained from an earlier studypif the San Fernando earthquake.l2 As a
means for extending these data to other structures, a comparative study to
determine the relationship between these estimates and the seismic design
coefficients of typical buildings was made. For each El level, a ratio of
the spectral velocity of El levels and the spectral velocity of the seismic
design coefficients was determined and then compared with the Mg at specif-
ic El levels. A fairly good correlation was observed for the low-rise and

high-rise building categories (Figure 8).

To apply this relationship to other structure categories, it was assumed
that the damage cost factors and the seismic design coefficients were re-
lated in the same proportion for all structure types. To estimate mpp for
other structures, spectral velocity ratios of El versus design were deter-

mined. Using these spectral ratios, values were determined using the

m
DF
data in Figure 8. Table 6 provides a summary of this approach for struc-
tures with seismic coefficients of 2.5 times UBC. A similar approach was

used to estimate m,., for other types of structures, as illustrated in Fig-

DF
ures 9 through 11. This approximation is based on engineering judgment;
there are no experimental data currently available to verify or negate this

approach.
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STRUCTURE INVENTORY DATA

In an effects prediction effort such as this, identification of the struc-
tures in the area affected by the hypothetical earthquake is equally as im-
portant as the ground motion prediction. However, because the investigation
is intended to provide only a general or overall evaluation of damage, acqui-
sition of detailed information on individual structures was not warranted.

An estimate of the numbers and types of structures, their location, and their
classification according to function and dynamic response behavior is the in-
formation necessary for an EIS evaluation. An example structure check list,

useful for structure inventory planning purposes, is given in Appendix C.

The structures most prevalent in the study area have been grouped into two
major classifications: community structures and areawide structures. Al-
lowing for variations in population, the types of structures found in indi-
vidual communities are, with some minor exceptions, common to all communi-
ties in the study area. Thus population was an important parameter in es-
timating the numbers and types of structures in the study area. Areawide
structures include transportation, utility, hydraulic, and energy network
facilities. This chapter summarizes the structure data obtained for the
study.

Population Distribution

Parts or all of 14 counties in southern California, identified in Table 7,
are included in the area that is expected to be affected by the postulated
earthquake. This study area covers approximately 154,000 km? of southern
California. Almost 65% of the population of the study area is concentrated
in Los Angeles County; another 25% is found in the cities of adjacent coun-
ties. The city of Los Angeles, with an estimated 1976 population of approxi-
mately 2.74 million (1970 census population: approximately 2.82 million),
has the highest population of any city in the study area. Several cities in
the immediate vicinity of Los Angeles have more than 100,000 inhabitants.

The population of cities in the study area is represented graphically in
Figure 12, Cities with a population greater than 50,000 are listed in Table

- 28 -
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8, which also shows the distance from individual cities to the closest

point on the rift zone of the hypothetical earthquake. A complete list of
study area cities and their population is provided in Appendix D. Popula-
tion figures were taken mainly from the 1970 census,22 in some cases sup-

plemented with data from the California Statistical Abstract?3® for 1975 and
1976.

Community Structures

Residential Buildings. Residential structures include single- and multi-

family dwellings and mobile homes. The breakdown of these buildings for
the study area was derived from housing information contained in the 1970
census.2?2 For the purpose of an EIS analysis, housing information is di-

vided into the following categories:

fewer than 5 units per structure
from 5 to 49 units per structure

more than 49 units per structure

mobile homes and trailers

The number of buildings in these categories for cities with population
greater than 10,000 is shown in Appendix D. Data for cities of population

less than 10,000 was not available.

Categorization of buildings into number of units per structure permits
their classification according to EIS period bands. Buildings with fewer
than five units (single residences, duplexes, or small apartments) have a
fundamental period of 0.2 sec or less. Those with 5 to 49 units are in
most cases buildings with a response period of less than 0.4 sec. Conse-
quently, these two categories of buildings fall within the EIS short-period
range. Those with more than 49 units per structure are usually multistory
buildings. Their expected fundamental period is in the range of 0.4 to 2.0

sec, placing them in the EIS intermediate-period range.
Because of the nature of the structure system and anchorage of mobile

homes, classification of these structures is slightly different from that

of buildings. Most often, mobile homes are mounted on pedestals, without

_3]-



TABLE 8

CITIES WITH POPULATION GREATER THAN 50,000

1970 Census

Distance from

City County Population Fault (km)

Fresno Fresno 165,972 119
Bakersfield Kern 69,575 56
Alhambra Los Angeles 62,125 47
Bellflower " 51,454 68
Burbank " 88,871 45
Carson " 71,150 80
Compton " 78,611 70
Downey " 88,445 60
East Los Angeles (u) " 105,033 55
El Monte " 69,837 44
Glendale " 132,752 46
Hawthorne " 53,304 73
Inglewood " 89,985 63
Lakewood " 82,985 63
Long Beach " 358,633 80
Los Angeles " 2,816,061 55
Norwalk " 91,827 62
Pasadena " 113,327 42
Pico Rivera " 54,170 55
Redondo Beach " 56,075 81
Santa Monica " 88,289 63
South Gate " 56,909 62
Torrance " 134,584 80
West Covina " 68,034 40
Whittier " 72,863 55
Salinas Monterey 58,896 158
Anaheim Orange 166,701 62
Buena Park " 63,646 66
Costa Mesa u 72,660 81
Fullerton " 85,826 62
Garden Grove " 122,524 72
Huntington Beach " 115,960 75
Orange " 77,374 65
Santa Ana " 156,601 70
Westminster " 59,865 66
Riverside Riverside 140,089 36
Ontario San Bernardino 64,118 30
San Bernardino * 104,251 27
Santa Barbara Santa Barbara 70,215 153
Oxnard Ventura 71,225 155
Simi Valley " 56,464 117
Ventura " . 55,797 165
(u) = unincorporated city.
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N
any firm connection. When they vibrate, there is no simple fundamental
period of response. However, they have been classified as short-period

structures for this study.

Commercial Buildings. Typical commercial buildings in the study area are

designed in accordance with Uniform Building Code (UBC)'® requirements for
seismic zone 3. They exhibit a variety of construction materials and struc-

ture systems and range in height from one story to more than 60 stories.
The response period of a building is determined by the type of structure
system and the building materials used as well as by height; however, for
the general identification of building types and structure distribution re-
quired here, the fundamental period of commercial buildings is assumed to

vary with number of stories.

Low-rise commercial buildings, which are in the short-period EIS range, can
be found in all communities of the study area. Most of the multistory build-
ings are in the intermediate-period range and are found in moderately popu-
lated areas. Variation in their number and distribution is in most cases a
function of population. From a study of sample cities, it was determined
that these buildings can be found in all cities with a population of more
than 10,000. Buildings with long periods -- usually very tall buildings --
occur only in a few major metropolitan areas. An example of such a metro-
politan area is provided in Table 9, which shows the distribution of multi-

story buildings in Los Angeles and Orange counties.

School Buildings. The design of school buildings in California is governed
by the building standards of the California Administrative Code.l” The

special seismic design requirements for schools are more rigorous than for

buildings in most other classes of occupancy.

In almost all cases, elementary and secondary school buildings in the study
area are limited to one or two stories and are therefore in the short-period
EiS-band category. Table 10 summarizes the distribution of schools for 66
communities in 13 counties. In general, the distribution is directly pro-
portional to population. With the exception of several small communities,
there is at least one elementary, junior high, and high school in each com-
munity. Some schools receive students from adjoining communities in the

-33_
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TABLE 10

NUMBER OF PUBLIC SCHOOLS FOR SAMPLE CITIES

1970 Elementary Junior
County City Population School High School High School
Fresno Clovis 13,856 10 1 1
Coalinga 6,161 1 1 1
fFresno 165,972 60 14 6
Reedley 8,131 7 2 1
Sanger 10,088 1n 1 1
Selma 7,459 7 1 1
Kern Bakersfield 69,515 45 9 9
Delano 14,559 5 1 1
Wasco 8,269 2 1 1
Kings Avenal 3,035 1 0 1
Corcoran 5,249 4 1 1
Handford 15,179 6 1 2
Lemoore 4,219 3 1 1
Los Angeles Azuza 25,217 14 3 2
Claremont 23,464 8 2 1
Downey 88,445 13 4 3
E1 Segundo 15,620 2 1 1
Glendale 132,752 23 5 3
Lakewood 82,973 18 5 4
Long Beach 358,633 56 15 8
Montebello 42,807 5 3 2
Monterey Park 49,166 8 2 3
Norwalk 91,827 25 8 4
Paramount 34,734 8 2 1
Santa fFe Springs 14,750 4 2 1
Santa Monica 88,289 9 2 2
S. Pasadena 134,584 25 7 5
Monterey Salinas 58,896 20 2 3
Orange Anaheim 166,701 32 16 9
Buena Park 63,646 19 2 1
Cypress 31,026 10 2 1
Fullerton 85,826 18 4 4
Placientia 21,948 11 2 2
Santa Ana 156,601 18 4 4
Riverside Banning 12,034 3 1 1
Beaumont 5,484 3 1 2
Coachella 8,353 3 1 1
Corona 27,519 11 3 1
Desert Hot Springs 3,728 1 0 0
Lake Elsinore 3,530 3 1 1
Hemet 12,252 7 1 1
Indio 14,459 8 2 2
Norco 14,511 4 1 1
Palm Desert 6,171 2 1 0
Palm Springs 20,936 7 2 1
Perris 4,228 2 1 1
Riverside 140,089 33 7 6
San Jacinto 4,385 2 1 2
San Bernardino Barstow 17,442 16 2 3
Ontario 64,118 24 5 2
San Bernardino 104,251 37 8 4
Upland 32,551 9 2 1
San Diego Escondido 36,792 9 3 5
Oceanside 40,454 13 2 2
San Luis Obispo Paso Robles 7,168 4 0 1
San Luis Obispo 28,036 11 2 1
Santa 8arbara Lompoc 25,204 13 2 2
Santa Maria 32,748 23 4 3
Tulare Dinuba 7,917 4 1 1
Lindsay 5,206 2 2 1
Porterville 12,602 7 2 2
Tulare 16,235 6 2 2
Ventura Filimore 6,285 3 1 1
Santa Paula 18,901 7 1 1
Simi Valley 56,464 24 5 3
Ventura 85,797 21 4 3
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same county. Because the number of buildings in a school depends on the
enrollment, those communities with a higher-than-average ratio of number of
schools to population have fewer buildings per school than those with a
lower ratio. Statistics on the distribution of schools were obtained from
References 24 and 25.

The location of colleges and universities is presented in Figure 13. Build-
ings for these schools generally have ;hort periods although some multistory
buildings in the intermediate-period category can be found. The design and
construction of these structures are governed in most cases by the UBC or

by local codes. Consequently, in the absence of detailed analysis, they
were assumed to have a motion-damage relationship similar to that of com-

mercial buildings.

Hospital Buildings. As in the case of schools, current seismic design re-

quirements for hospital facilities in California are higher than those for
most other buildings. The legislation that specifies these requirements
was enacted after the San Fernando earthquake of 1971. Prior to that
time, the design of hospital buildings was governed by the UBC or by local
building codes. Consequently, most of the hospital buildings in the area
under investigation were designed under the less stringent requirements.
The significance of this fact is discussed as a part of the analysis of
EIS results.

The location of hospitals in the affected area is presented in Figure 14,
For purposes of this analysis, they were classified on the basis of capacity
(number of beds). Information represented in the figure was obtained from
the Directory of Health Facilities2® for the State of California.

Data from a sample of several hospitals indicate that low-rise buildings
are associated with facilities having a capacity of 200 beds or less while
hospitals with more than 200 beds are likely to have both low-rise and mul-
tistory buildings. In terms of EIS classification, the former group are
short-period buildings; the larger facilities contain buildings in both the

short-period and intermediate-period EIS categories.
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Other Community Structures. Among structures essential to community func-

tioning are those associated with emergency services (law enforcement and
fire fighting) and lifeline systems (water, sanitation, energy, communica-
tion, and transportation). Structures in these categories are found in
nearly every community in the study area. Their distribution is in almost
all cases proportional to population. Because no more than an identifica-
tion of such structures in the community is required for the present level
of analysis, the information presented in this section is limited to sample

data and a general discussion.

Table 11, which summarizes data from a sample of 23 communities in 10 coun-
ties of the study area, shows that in all of the communities in the sample
but one there is at least one structure associated with law enforcement;

every community has at least one fire station. The table also shows varia-

tion in the number of police and fire stations as a function of population.

Public utility systems affect all areas of human need. Their safe opera-
tion during an earthquake and the rapid recovery of their normal operation
afterward is essential. In the study area, the seismic design of many of
the structures associated with utility systems exceeds minimum requirements.
Specific identification of these lifeline structures is beyond the scope of
this study; however, it is noteworthy that failure (severe in localized
areas) of some facilities was observed during the 1971 San Fernando earth-

quake . 1%

Hypothetical Community Characterizations. To illustrate the extent of dam-

age that might be expected throughout the study area under various E! condi-
tions, estimation of damage for several hypothetical communities was found
to be useful., Postulation of such hypothetical communities was appropriate
for this study because, as stated earlier, in the area vulnerable to damage
from the postulated earthquake, the types of structures found in individual
communities are, with the exception of a few special structures, common to
communities in all parts of the study area. The number of structures of a
particular type is generally found to correspond to the size of the commu-
nity. The overall distribution of structures in the study area is also a
function of population; while high-rise buildings do not occur in some

small communities, the number of such structures in the larger communities
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TABLE 11
NUMBER OF POLICE AND FIRE STATIONS FOR SAMPLE CITIES

1970 Police Fire
County City Population Stations Personnel Stations Personnel
Fresno Fowler 2,239 1 7 1 12
Fresno 165,972 1* 388 10 262
Selma 7,459 1* 17 2 20
Kern Bakersfield 69,515 1* 200 8 3
California City 1,945 1 8 1 18
Delano 14,554 1* 30 1 14
Kings Avenal 3,500 o** 5 1 20
Hanford 15,179 1* 36 1¥%* 22
Los Angeles Long Beach 358,879 1 680 22 466
Monterey Park 49,166 1 61 3 48
Torrance 134,584 1 276 5 172
Orange Anaheim 170,980 1 287 9 228
Cypress 39,700 1 46 2 23
Placentia 21,948 1 34 2 34
Santa Ana 156,600 1* 240 10 246
San Bernardino Ontario 64,118 1* 92 5 69
San Bernardino 106,337 1* 254 10 173
Upland 32,624 1 48 2 27
San Diego Oceanside 40,494 1 96 5 71
San Luis Obispo San Luis Obispo 32,250 1* 52 3 38
Santa Barbara Lompoc 25,284 1* 29 1 12
Ventura Conejo Valley 52,350 D chaiold 67 4 66
Ventura 57,900 1* 88 4 70

*Sheriff's Department is at another location in the city.
**Served by Sheriff's Department at Hanford.
***County Fire Department is at another location in the city.
**x*kSheriff's Department occupies same building.
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appears to be proportional to population. Table 12 indicates various cate-
gories of buildings typically found in communities having populations
ranging from 1,000 to 100,000. The number of structures in each category
was estimated for the hypothetical communities. These data are presented
in Table 13. Damage estimate scenarios for the hypothetical communities

are presented in the next chapter.

Areawide Systems and Facilities

In the vulnerable area, there are several systems and facilities that en-
compass large areas and serve many communities. These facilities vary from
simple one-story buildings to highly complex structures. Design and con-
struction practice also varies with type of facility and governing agency.
Failure of any one of these facilities can have serious impact on the com-

munities in its service area.

Hydraulic Structures. Three major aqueducts supply water to southern Cali-

fornia, mainly to Los Angeles and the surrounding communities.l®:27 As
shown in Figure 15, the routes of these aqueducts sometimes run close to
the San Andreas fault, in places actually crossing the fault. The Califor-
nia Aqueduct, in particular, parallels the entire length of rupture of the
hypothetical earthquake and twice crosses the fault.

In the 14 counties under investigation, there are 300 dams within the juris-
diction of the State of California and the federal government.28 Eleven of
these dams were constructed with the use of hydraulic fill and in this re-
spect are similar to the lower San Fernando Dam, which failed.during the San
Fernando earthquake of 1971. Table 14 summarizes the characteristics of
these dams according to various classifications. The breakdown of state and

federal dams by county is shown in Appendix E.

Energy Networks. Figure 16 shows the location of major gas transmission

lines and related facilities for the study area.2® Similar information for
electric power generation and transmission facilities3? appears in Figure 17.

Data for petroleum-handling facilities3! are presented in Figure 18.
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TABLE 12
POPULATION AND COMMUNITY STRUCTURES

Population
greater 50,000 10,000 1,000 less
Type of Structure than to to to than
100,000 100,000 50,000 10,000 1,000
Single-Family Dwellings X X X X
Mobile Homes X X X X X
Multifamily Dwellings
Low-Rise X X X X X
Intermediate Height X X X
High-Rise X
Commercial Buildings
Low-Rise* X X X X X
Unreinforced Masonry X X X X X
Intermediate Height X X X
High-Rise X X X
Industrial Buildings X X X X
Public Buildings X X X X X
Hospital Buildings X X X

*Also includes light industrial and precode unreinforced masonry buildings.
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TABLE 14
SSIFICATION OF DAMS

ABLE COPY

CLASSIFICATION OF DAMS WITHIN STATE JURISDICTION (14 COUNTIES)

de
teymbor | HEIGHT 1N METRES | CAPACITY In CUBIC MTTPES 3 37 VOLUME IN CUBIC METRES X 127
TYeLs oo ans [sas [evu [0 R R e B e R N B Inzzcl;',';i ],", Lol o
Garr 12| 4] 4] al 1| 4] 3] 3] 1 1 5 311 | |72
Constont Rodus Arch 151 2 11} 2} 5 5({ 41 1 1] 2] 2 211 1
Vonohle Rodwos Arch 11] 2| 4] 5]1] 3]4]3 3 1] 4] 2] 1
Muliiple Arch 6 4 2 11 2] 3 2 2 2 _
Eorth 1771 81] 73{23 143 | 833113 7 2| 7144 131|36117:18] 913
o i oot 7] 1] 4] 2] 3] 1] 2] 1 s 1] 1 1l -
Rock Fill 8] 3 5121 1 1] 4 1 2 j 3] 2)
Hydroulc Fill 11] 1] 8] 2] 1 3, 4] 2 1 5| 3 31 |
Floshboord & Butess 9l 9 4 4 1 21 21 1 1 3
Siob & Buruess 1] 1 1 1
Crib .
Reinlorced Conc Tonk 10f 8 1j 1]9}] 1 4| 2 A 4
TOTALS 267(112[109}46 {70 |106 |51 |27 | 13 211 15{ 63 | 39| 49(21|24 | 12123
HEIGHY IN FEET CAPACITY IN ACRE.FEET VOLUME IN Y CI2-CUBIC YARDS
643 | 50199 [150.0p | 159 1o | ] % ;f,-r«; o e s o | sax o ool [el Reiad
O Capacity not specified < Volume not specified
b. CLASSIFICATION OF DAMS WITHIN FEDERAL JURISDICTION (14 COUNTIES)
Number | HEIGHT IN METRES | CAPACITY IN CUEBIC ML TRES ¥ 12 VYOLUME IN CUBIC METRES X 13°?
e bums | 215 [ 1328 Joouw Jooe] & TR JE0To T 0 [ s Tow Joone s[5 105 [MS5] ©
| Grow 2 2 2 2 S
Constont Rodius Arch 1 1 1 1
Veroble Rodius Arch 2 11 1 1 1 1 1
Mulniple Arch 1 1 1 1
Eorth 23 {7112 512{ 48] 3 5[ 1 1 513 6] 8] |
Eorth ond Rock 4 2 211 2 1 1 o 2
Rock Fill
Hydrouhic Full
Floshboord & Butness
Stob & Burtress I I
Ciib
Reunforced Conc Tonk
TOTALS 33 9|15]1013)]51}914}10} 2 1121 1}15(3 91191{1
HEICHT IN FEET CAPACITY IN ACRE.FEET VOLUWE IN } G32-CUBIC YARDS
647 [ 53149 150.up | 1599 [1009 |0 O LI e 10 S b [sie ros [ sore frosse| B 1R Fsﬁ

O Capacity not specified

O Volume not specified
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Transportation Systems. {n general, transportation systems of concern to

studies predicting earthquake effects are highways, railroads, airports,
harbors, and mass transit lines. For the present investigation, highways,
railroads, and airports are identified. Because all of the harbors and
their related facilities in the study area are located some distance from
the source of the earthquake under consideration, and effects are expected
to be minimal, no further identification was necessary for this study.

There are no mass rail transit lines in the study area. Mass public trans-
portation is by means of busses; damage from the postulated earthquake would,
for the most part, result from secondary effects of the failure of roads and
bridges. The transportation structures most severely affected during the
1971 San Fernando earthquake were highway overcrossings. These structures
are therefore treated more extensively here than are other structures asso-

ciated with transportation systems.

Since the 1971 San Fernando earthquake, the design and details for new high-
way structures have been modified considerably, and some of the structures
that existed in 1971 have been strengthened. Information on highways and
highway overcrossings was obtained from the Log of Bridges of State High-
ways3? of the California Division of Highways (CALTRANS). That document
provides location, description, structure type, vertical clearance, length,
and other pertinent information for all of the highway overcrossings in Cali-
fornia. Table 15 summarizes data on the California road system for the en-

tire state.

It is reported33 that there is, on the average, one bridge for every mile of
highway in the state highway system (including both interstate and primary
routes); one bridge for every five miles of secondary routes; and one bridge
for every 17 miles of other roads and streets. Unlike the determination of
period for buildings designed under UBC requirements, there is no simple way
to approximate the period of highway bridges. Their vibration characteris-
tics depend on the size of the structure as well as on the structure system
and materials employed. Because it is neither possible nor necessary to
evaluate every bridge in the study area for determination of period, the
length of the overcrossing was used as the criterion for EIS-band classifi-~
cation. On the basis of CALTRANS design examples3“ and experience of the

San Fernando earthquake of 1971,35 it was determined that most freeway
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TABLE 15

CALIFORNIA ROAD SYSTEMS32*

Miles
per
System Miles Bridges Bridge
State Highway Routes
Interstate and Primary 13,000 13,000 1
Secondary Routes
Rural and Urban 22,000 4,000 5.5
A1l Other Roads and Streets
Rural and Urban 137,000 8,000 17
Total 172,000 25,000

*Data shown are for the entire state.
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bridges are in the intermediate-period EIS range. Some bridges are stiffer
and are included in the short-period EIS range; those that are more flexible
than most come under the long-period EIS classification. Figure 19 shows the
location of overcrossings in the study area that are 500 ft or more in length.
fhese bridges are classified as intermediate- or long-period structures.
Bridges in the short-period range can be found at many locations along all

highways.

Information on railroads is presented in Figure 20, which shows railroad
lines3® in the area investigated in this study, and in Appendix F, which pro-

vides details of these and other structures for the Los Angeles area.2’

The terminal (airport) is the most important part of an air transportation
system. Within airports, the structures associated with air traffic control
are the most vital. Figure 21 shows the location of airports in the study
area. There are 108 public-use airports as well as many heliports and a
limited number of private-use airports.3’ In addition, several military and

other federal airports are found in the area under investigation.

Period-Band Classification of Structures

For the purpose of damage estimation, structures in the study area were cat-
egorized into three EIS period groups. Although it was not possible to cat-
egorize some structures without additional information, structures associated
with major facilities were assumed to be represented in all three period
ranges. Most structures presented no difficulty for classification. For
example, single-family dwellings and other low-rise buildings ‘are in the
short-period range, and most high-rise buildings correspond to the interme-
diate-period range although some very tall or very flexible buildings may be
classified as long-period structures. Table 16 summarizes the categoriza-

tion of structures in the study area according to EIS bands.
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DAMAGE ESTIMATION

Damage estimations for various types of structures follow directly from com-
bining the structure inventory data provided in the preceding chapter with
the El-damage relationship information presented earlier. This chapter pre-
sents damage estimates for the various structure categories identified in
the preceding chapter. Where possible, damage estimates are made quantita-
tively in terms of expected dollar loss. For structures for which no infor-
mation on motion-damage relationships currently exists, qualitative descrip-

tions of damage are provided.

Community Buildings

To estimate damage on a community basis, it is first necessary to determine
the types of structures in the community and the number of structures of each
type. Because damage potential differs among buildings of various types,
each group must be estimated separately. The nature of this study does not
warrant a specific damage prediction for each study area community; there-
fore, no detailed structure inventories of communities were conducted. To
facilitate damage estimation for community buildings in the study area, dam-
age factors for a hypothetical community subjected to various El ratings
were calculated. The following sections give: the El ratings for each of
the study area communities, a description of how the mean damage cost factors
for the hypothetical communities were calculated, and a discussion regarding
application of the damage factors for the hypothetical communities to spe-

cific communities.

Els for Study Area Communities. The El distribution in the study area for

the short-period, intermediate-period, and long-period ranges was presented
earlier (Figures 4, 5, and 6). The highest El in the study area for any
range of period bands was 7,8,8, for the short-period band. However, be-
cause the occurrence of the El 7 value is limited to a few isolated, sparsely
populated locations near the fault, the next highest value, 6, becomes the
significant figure for estimation of damage to structures in the short-period
band.
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A complete list of study area cities and their E! ratings is presented in
Appendix G. EI distribution for cities with population greater than 50,000
is shown in Table 17. In both cases, information reported is for the center
of cities. Note that in some cases cities that are approximately the same
distance from the fault have somewhat different El ratings. These differ-

ences show the effect of site-specific geologic conditions.

Palmdale, a community of more than 10,00023 inhabitants that is very near
the fault, showed the highest El values of any city in the study area, with
a three-digit rating of 6,7,7. Among cities with a population of more than
100,000,23 San Bernardino showed the highest values, with a rating of 5,6,6.
Most of the communities in the Los Angeles area -- the most densely popu-
lated portion of the area under investigation -- are estimated to have an El

distribution of 4,5,5.

Damage Factors for a Hypothetical Community. Of the hypothetical communi-

ties identified in the previous chapter, mean damage cost factors were cal-
culated for the community having a population of 75,000 persons. That com-
munity size was selected because it is to some extent directly applicable to
several communities in the study area. The community was then analyzed for
three different patterns of El distribution: one of the highest patterns
found in the study area (6,7,7); that of the most densely populated portion
of the study area (4,5,5); and an intermediate pattern (5,6,6).

To obtain the damage cost factor for the hypothetical community, a replace-
ment value was assigned to each type of building postulated for the commu-
nity. Assuming a three-digit El of 6,7,7 to be experienced by the community,
the mean damage cost factors corresponding to that El rating were determined
(from Figures 8 through 11), as shown in Table 18. By multiplying the mean
damage cost factor by the replacement value of each structure type, the dam-
age cost of each structure type was calculated. For El 6,7,7, the average
damage cost factor was determined to be 9% of the total replacement value.
The same procedure was applied to evaluate the effect of EI levels of 5,6,6
and 4,5,5. It was found that the average damage cost factors were 2% and

0.3%, respectively, for these two El ratings, as shown in Tables 19 and 20.

-57_



TABLE 17

EI FOR CITIES WITH POPULATION GREATER THAN 50,000

1970 Census 3-Digit
City County Population El

Fresno Fresno 165,972 3,4,4
Bakersfield Kern 69,575 4,5,5
Alhambra Los Angeles 62,125 4,5,5
Bellflower " 51,454 3,5,5
Burbank " 88,871 4,5,5
Carson " 71,150 4,5,5
Compton " 78,611 4,5,5
Downey " 88,445 4,5,5
East Los Angeles (u) " 105,033 4,5,5
E1 Monte " 69,837 4,5,5
Glendale " 132,752 4,5,5
Hawthorne " 53,304 3,5,5
Inglewood " 89,985 3,5,5
Lakewood " 82,985 3,5,5
Long Beach " 358,633 3,5,4
Los Angeles " 2,816,061 4,5,5
Norwalk " 91,827 4,5,5
Pasadena " 113,327 4,5,5
Pico Rivera " 54,170 4,5,5
Redondo Beach " 56,075 3,5,4
Santa Monica " 88,289 3,5,4
South Gate " 56,909 4,5,5
Torrance " 134,584 3,5,4
West Covina " 68,034 4,5,5
Whittier “ 71,863 4,5,5
Salinas Monterey 58,896 2,3,3
Anaheim Orange 166,701 4,5,5
Buena Park " 63,646 4,5,5
Costa Mesa " 72,660 3,5,4
Fullerton " 85,826 4,5,5
Garden Grove " 122,524 3,5,5
Huntington Beach " 115,960 3,5,4
Orange " 77,374 4,5,5
Santa Ana " 156,601 3,5,5
Westminster " 59,865 3,5,5
Riverside Riverside 140,089 4,5,5
Ontario San Bernardino 64,118 4,6,6
San Bernardino " 104,251 5,6,6
Santa Barbara Santa Barbara 70,215 4,5,5
Oxnard Ventura 71,228 '3,5,4
Simi Valley “ 56,464 4,5,5
Ventura " 55,797 4,5,5
(u) = unincorporated city.
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Estimating Damage for Study Area. The damage cost factor for a community

depends on the specific distribution of structures in the community. Com-
parison of the structure distribution and El rating for a particular commu-
nity with similar data obtained for a hypothetical community (Tables 18, 19,
and 20) affords a simple approximation of the damage cost factor that might
be expected to result for the community. For example, a rough estimate for
a community with a population of 150,000 in a three-digit E! of 4,5,5 can be
obtained by multiplying the total damage cost in Table 20 (which is an exam-
ple for population of 75,000) by 2. For a population of 25,000, the esti-

mate would be one-third of that figure.

More rigorously, damage for a specific community can be estimated by complet-
ing a table similar to Table 18, 19, or 20 for an overall mean damage calcu-
lation. To do this, the distribution of structures and the replacement values
of these structures are first obtained. The El levels for the three period
ranges are then determined from Figures 4, 5, and 6. Using these Els, mean
damage factors for the various types of structures can be determined from
Figures 9, 10, and 11. The damage cost factor can then be determined by mui-

tiplying the replacement values by the respective mean damage cost factors.

Other Community Structures

As discussed previously, structures associated with the general welfare
are in many cases subject to seismic design and construction criteria more
stringent than those for typical buildings and are therefore expected to be
able to withstand higher forces than can be resisted by typical buildings.
Procedures for estimating damage cost factors for these structures are dis-

cussed in the paragraphs that foliow.

Hospitals and Schools. The hospital code enacted in 1974 requires that the

seismic coefficients for hospital facilities be about 2.5 times those re-
quired under the provisions of the UBC. Although seismic design coefficients
for schools are essentially the same as for typical buildings, the rigorous
material and construction requirements for schools should produce structures
with higher seismic resistance. lncorporatiné this assumption into the pro-

cedure for estimation of damage that was discussed previously, for these

m
_ DF
buildings is estimated to be somewhat lower than that for typical buildings.
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In the short-period band, mpp at the EI 6 level is 9% for typical buildings:
for the buildings considered here, the value is slightly higher than 1%.
Similarly, in the intermediate-period band, mor for these buildings is 5% at
an El level of 8 but is 28% for typical buildings. Facilities affected can
be determined by superimposing Figures 4, 5, and 6 onto Figures 13 and 14.

It should be kept in mind that the foregoing discussion is based on data for
buildings that have been designed or strengthened to meet current criteria.
Most of the hospital buildings in the study area were designed and constructed
prior to the enactment of the 1974 legislation; treating these structures as

typical buildings therefore produces a more accurate estimate of damage.

An extensive review of hospital facilities is currently being conducted by
the California Department of Health to identify the structures under the de-
partment's jurisdiction that need to be strengthened in order to conform to
present seismic design criteria. A similar California Department of Educa-
tion program, reviewing school facilities to bring them up to the provisions
of the Field Act of 1933,17 has been in progress for many years. Between
1968 and 1976, the number of school buildings that did not meet the require-
ments of the Field Act was reduced from 2,032 to 19 for the entire state.38

Community Lifelines. Structures associated with lifeline networks include

transportation, communication, energy, water, and sewage systems, which
affect the needs of any community. During the San Fernando earthquake of
1971, most lifeline systems and facilities were damaged to some degree.l!“
Some of the damage included overpasses, electric power converter stations,
filtration plants, and underground utilities. Most of these facilities were
located in the high-ground-motion area. Damage to underground systems in

particular was associated with ground failure.

Areawide systems and facilities associated with lifeline networks are dis-
cussed in the section that follows. The failure of these systems and facil-
ities would have a serious effect on communities. It is therefore necessary
to consider these major systems and facilities in the evaluation of commu-

nity lifelines.



Areawide Systems and Facilities

Areawide systems or facilities for which special seismic design requirements
are implemented include those of the California Department of Transportation
for highway overcrossings; the California Department of Water Resources for
State Water Project facilities; and the Nuclear Regulatory Commission for

nuclear power plant facilities. The following is a discussion of the damage

potential for buildings associated with some of these facilities.

Hydraulic Systems. As discussed earlier, the buildings associated with

State Water Project facilities were designed and constructed with considera-
tion for the areawide importance of the system and for the location of the
facilities relative to the San Andreas fault. For structures that have a
fundamental period less than 0.15 sec and are within 19 km of the fault, a
maximum uniform horizontal acceleration of 0.5g was considered in the design.
For structures with a fundamental period greater than 0.15 sec, a response
spectrum as shown in Figure 7 was used. For points farther than 19 km from
the fault, ground motion was considered to be attenuated with distance.
Within 19 km of the fault, the short-period El resulting from the earthquake
under consideration is 6. There are several facilities within this area.
The mean damage cost factor for these structures is estimated to be 0.15% of
replacement cost. (To determine affected facilities, superimpose Figures 4,
5, and 6 on Figure 15.) Although earthquake damage cost is one considera-
tion, secondary effects from the disruption of water distribution could also
be a major problem. The aqueduct routes parallel almost the entire fault
and actually cross the fault at several loﬁations. The operations plan for
State Water Project facilities!® provides for response to emergencies (e.g.,
a rupture of the canal) by stopping the flow downstream from the failure and
reducing the flow upstream to an amount equal to that delivered to water
consumers upstream from the failure. This is accomplished through a system
of check structures located at strategic points along the aqueduct. The
emergency plan calls for rapidly reacting to any adverse operating condition
through the aqueduct control facilities and immediately adjusting the check

structures and pumping plants.

There are 300 dams in the affected area (see Table 11 and Appendix E). Sev-

eral of these dams are in the potentially damaging El area. In the present
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evaluation, the greatest concern is for hydraulic fill dams similar to the
one that failed during the San Fernando earthquake of 1971. Because of the
complexity of their behavior under seismic loading, a thorough review of

these dams should be made, particularly for those estimated to have high El

levels.

Utility Systems. As is the case for the California Aqueduct system, gas,

electric, and petroleum transmission lines and facilities cross or are close
to the fault and are expected to have very high El levels. To estimate dam-
age, an assessment of individual buildings with respect to design and con-
struction criteria must be made. (To determine the affected facilities,
superimpose Figures L, 5, and 6 onto the maps of the respective facilities
found in Figures 17, 18, and 19.) For a facility designed and constructed
under high requirements, the estimated damage would be lower than if it

had been built under less stringent requirements. For example, with an El

of 6 in the short period, the m,., of structures built under 2.5 times the

DF
UBC requirements is 1.3% but is 9% for structures built under the UBC (Fig-

ure 9).

Transportation Systems. Transportation systems have been affected by earth-

quakes in the past. The effect of the hypothetical earthquake is estimated
to be similar to the effects of the Kern County earthquake of 195213 and the
San Fernando earthquake of 1971.35 Both earthquakes occurred within the

area of this study.

The effect on railroad lines was most severe during the Kern County earth-
quake at points where the right-of-way crossed the fault.l3 A major rerout-
ing of the system was undertaken after the earthquake. Damage due to ground
motion was relatively low in comparison to damage from fault displacement.
The damage due to ground motion from the hypothetical earthquake is likewise

expected to be low compared to that caused by fault movement.

The highway system is in some respects similar to the railroad system, with
freeways crossing the fault break. One of the area's primary highways paral-
lels the fault for half of its length until it actually crosses the fault.
There are two other primary routes and numerous secondary routes that cross

or are very close to the fault. Effects are also similar: damage at free-
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way overcrossings, landslides blocking traffic in the mountainous regions,

and settlement occurring at bridge approaches. During the San Fernando earth-
quake, major damage to highways was observed at freeway overcrossings. The
areas most severely affected by that earthquake were those represented by an
El report of 6,7,6. Some damage was also observed farther away from the
fault, in the area with an El report of 5,6,6. Damage from ground motion
ranged from total collapse of the superstructure of the overcrossing to minor
damage at abutments. There are numerous overcrossings in the high range of

El levels that result from the hypothetical earthquake. (To determine the

affected area, superimpose Figures 4, 5, and 6 onto Figure 19.)

Subsequent to the San Fernando earthquake, major modification of existing
structures and of the design requirements for new structures was made. The
State of California is presently performing a major retrofitting of highway
structures for increased seismic resistance.3® In addition, recent highway
overcrossings have been designed with consideration for their location rela-
tive to the various earthquake faults in the state and for local geologic
conditions.3%,40

Comparison with San Fernando Experience

The total estimated loss from the San Fernando earthquake of 1971 for build-
ings and other structures is reportedl* to be $511 million, as shown in Table
21a. Economic loss for privately owned property in the city of Los Angeles
was estimated to be $203.8 million. The breakdown of these figures by type
of structure and degree of damage is shown in Table 21b. Estimated dollar
losses for other cities are shown in Table 22. Data for several cities in
the Greater Los Angeles area extrapolated from El distribution figures de-
termined for the San Fernando earthquakel? are presented in Table 23, which
also shows El values for the hypothetical earthquake under consideration.
Note that the range of El values for most cities is the same for both earth-
quakes. Exceptions in which the San Fernando earthquake showed higher val-
ues are the city of San Fernando, which had higher values in all three period
bands; Burbank, Glendale, and Vernon, which had higher values in the inter-
mediate-period bands; and Santa Monica, with a higher value in the long-
period band. The only instance of a city showing a higher El value from the

hypothetical earthquake is Compton, where the higher value appears in the
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TABLE 2la
SUMMARY OF EARTHQUAKE LOSS!*

(San Fernando Earthquake, 1971)

Economic Sector Dollar Loss
Private Sector
Buildings, excluding land and contents:
Los Angeles City $154,000,000
San Fernando City 36,000,000
Elsewhere 15,000,000
Nonbuilding structures, excluding land 35,000,000
Public Sector
Los Angeles City 180,000,000
San Fernando City 34,000,000
Los Angeles unincorporated 13,000,000
Other cities 24,000,000
Porter Ranch (aftershock damage) 8,000,000
Utilities 12,000,000
$511,000,000

TABLE 21b

LOS ANGELES CITY DAMAGEl“

(San Fernando Earthquake, 1971)

Estimated
Damage Classification Units Buildings Dollar Loss
Unsafe for Human Occupancy -- posted "unsafe”
Single-family dwellings 0 522 $ 13,100,000
Apartments 1,149 54 11,500,000
Nonresidential commercial and industrial 0 190 19,000,000
Major and Moderate Damage -- remaining occupied
Single-family dwellings 0 2,469 24,700,000
Apartments 0 192 7,700,000
Nonresidential commercial and industrial 0 883 17,700,000
Minor Damage
Single-family dwellings 0 13,711 6,900,000
Apartments 0 1,748 17,500,000
Nonresidential commercial and industrial 0 5,698 5,700,000
Other Damage (estimated)
Unreported damage 0 0 30,000,000
Personal property and inventory 0 0 50,000,000
Total 1,149 25,467 $203,800,000
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TABLE 23

£

COMPARISON OF EI FOR THE SAN FERNANDO

EARTHQUAKE OF 1971 AND THE HYPOTHETICAL EARTHQUAKE

San Fernando Hypothetical
Earthquake of 1971 Earthquake
3-Digit 1-Digit 3-Digit 1-Digit

City EI _EI EI EI
Alhambra 4,5,5 5- 4,5,5 5-
Beverly Hills 4,5,5 5- 4,5,5 5-
Burbank 5,6,5 5+ 4,5,5 5-
Compton 3,5,5 4+ 4,5,5 5-
Glendale 4,7,5 5+ 4,5,5 5-
‘Los Angeles 4,5,5 5- 4,5,5 5-
Pasadena 4,5,5 5- 4,5,5 5-

San Fernando 6,7,7 7- 4,6,5 5
San Gabriel 4,5,5 5- 4,5,5 5-

Santa Monica 3,5,5 4+ 3,5,4 4
South Pasadena 4,5,5 5- 4,5,5 5-
Vernon 4,6,5 5 4,5,5 5-

Note: In instances where the EI value is higher for one of
the two earthquakes, the higher value is underscored.
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short-period band. However, it is not necessarily true that two earthquakes
with the same E! values will produce the same effects; with a difference in
magnitude, more damage can be expected from the earthquake with the higher

magnitude. The duration of motion is a major contributor to this difference.

Most of the damage that resulted from the San Fernando earthquake occurred

in communities corresponding to a three-digit El rating of 4,5,5 or higher.

A detailed description of damage for these communities is available in Refer-
ences 14 and 35. Comparison of data for study area communities and their El
levels (Table 16 and Appendix G) with the data presented in Tables 21 through
23 shows that most of the large cities in the study area are associated with
an El rating of 4,5,5 or higher. Most of the cities in Kern, Kings, Los
Angeles, Orange, Riverside, San Bernardino, San Luis Obispo, Santa Barbara,
and Ventura counties are within this group. The highest rating (6,8,8) is
for Palmdale; several small communities not reflected in the population data
available also have this rating. Comparison with damage observed during the
San Fernando earthquake indicates that a major impact on lifeline systems
(water supply, natural gas transmission, electricity, and communications)

can also be expected.

Damage Estimate Variability

The aforementioned damage estimates are given as central or mean values.
There are two main sources of uncertainty that may cause the predicted
values to vary above or below the mean in addition to expected dispersion
from central values of random variables: (1) the El (spectral velocity)
prediction and (2) the motion-damage relationships used. Available and
applicable data show geometric standard deviations approximately 1.8° and
1.410 for the peak ground acceleration and dynamic amplification factor
predictions, respectively. Thus, individual predicted spectral values

could be several times the expected mean value. Similar uncertainties have
been observed in motion-damage relationships from studies of past earth-
quake damage. For the spectral motion amplitude most important for this
study, a geometric standard deviation of about 2 was observed from the study
of low-rise and high-rise building damage during the San Fernando earthquake
of 1971.12 '
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Even with considerable and reliable data, the parameters involved in the
earthquake damage problem are complex and are subject to considerable dis-
persion from their mean or central regions. Thus, various possible com-
binations of the parameters could lead to considerable deviation above and
below estimated mean values. Because the current data available are sparse
in many cases, estimated mean values, as well as dispersion from the mean in
specific cases, can be expected. A discussion of the rigorous development
of the estimated error for this type of problem is given in Reference L41. A
rigorous estimate of the statistical variation of damage for the hypotheti-
cal earthquake is beyond the scope of this study, but a one~sigma variation
could be several times the mean value. Error in the mean predicted value is

not expected to be as large.

In addition, it Is important to recognize that a predicted mean damage cost
factor for a community does not imply that all structures will be damaged.
Past studies of earthquake damage have shown that there is considerable scat-
ter in the degree of damage sustained, even for similar structures located
close to each other. Not even in communities for which the overall damage

cost factor is in the range of 1% to 2% will all buildings be damages.*?

Damage Estimate Summary

The effects of the postulated earthquake on structures are felt in parts or
all of 14 California counties. A study of cities with typical structure
distribution indicates that a three-digit E! of 6,7,7 would result in an
estimated average damage of 9% of replacement value. The result for El rat-
ings of 5,6,6 and 4,5,5 is an estimated average damage of 2% and 0.3%, re-
spectively. One city and many small communities have an El rating of 6,7,7
(one-digit EI: 7-). Within El areas with a rating equal to or greater than
4,5,5 (one-digit El: 5-), there are 133 cities (excluding small communities)
with a total population of about 7 million. A summary of the number of
cities and corresponding population for various El zones is shown in Table
24,
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NUMBER OF CITIES AND CORRESPONDING POPULATION*

IN RESPECTIVE ONE-DIGIT EI ZONES

Combined Population

Damage** to

Residential and

1-Digit Number of of Cities Commercial Buildings
EI Zone Cities (in thousands) (in millions of dollars)

7+ 1 9 45.0

7 - - -

7- - - -

6+ 3 36 33.1

6 2 28 14.8

6- 2 133 38.6

5+ 7 149 25.6

5 14 291 29.1

5- 104 6,122 355.1

4+ 37 1,232 39.4

4 23 1,221 22.1

4- 41 487 5.1

3+ 13 82 0.4

3 7 77 -

Total 591.1

*Includes only the communities 1isted in Apnendix G.
**1977 dollars.

-72-




( C

It is clear from Table 13 and Tables 18 through 20 that residential build-
ings are predominant in the community and that their damage cost dominates
the damage cost for the entire community. The same relationship was ob-
served for the City of Los Angeles after the San Fernando earthquake of 1971
(Table 21b). Removing $50 million (for personal property damage) from the
$203.8 million damage total, damage to buildings in the private sector is
$153.8 million. Damage in Los Angeles for buildings in the public sector

was reported to be $180 million (Table 21a).

Assuming an average occupancy of 3.2 persons per dwelling and an average
cost per dwelling of $50,000, the total cost of dwellings for the city of
Los Angeles, with population of 2.8 million, is approximately $44 billion.
In contrast, the value of high-rise buildings for the city of Los Angeles is
about $2 billion (Table 9). Thus high-rise buildings, although individually
very important, have only a minor effect on damage cost for large cities.

On the basis of these observations, estimation of damage to buildings on a
per capita basis seems reasonable. Using Tables 18 through 20, a ratio for

loss per capita versus one-digit El was developed (Figure 22).

Damage to residential and commercial buildings in the private sector, based
on per capita damage versus El, is given in the last column of Table 24,
Total damage from the hypothetical earthquake to buildings in this sector
is estimated to be about $600 million. From comparison of damage in the
private and public sectors during the San Fernando earthquake as discussed
above, total damage is estimated to be twice that of damage in the private
sector, i.e., $1.2 billion (1977 dollars).

The effects on major systems and facilities are also widespread. Portions
of all of these systems and facilities are very close to the fault and some
actually cross the fault. Some of the systems and facilities are designed
and constructed with due consideration of the fault. The California Aque-
duct systems and facilities, for example, were designed and constructed
under special seismic considerations. The California Department of Trans-
portation is undergoing a retrofitting program to strengthen highway over-
crossings; in addition, new seismic design procedures have been instituted
to take into consideration local geologic conditions and the location of the

overcrossings relative to earthquake faults. Several other agencies are
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undertaking similar evaluations. Despite these measures, some damage is
anticipated. Table 25 shows the summary tabulation of major facilities in

the high El zones.

Some of the major systems and facilities damaged during the San Fernando
earthquake of 1971 were highway overcrossings, hydraulic fill dams, and
water and energy transport systems and facilities. Although in some cases
damage was related to fault displacements, in others it was related to se-
vere ground motion. In terms of the one-digit El, damage to these systems
and facilities occurred at El 7-. As can be seen from Table 25, there are
number of major facilities in one-digit El areas equal to or greater than

7-. They include dams and hydraulic and energy transport facilities.
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TABLE 25
SUMMARY TABULATION OF NUMBER OF MAJOR

FACILITIES® IN THE HIGH-EI ZONES

Number of Facilities

One-Digit EI Zone

StUd_V ‘1 T

Type of Facility Area 5 5+ 6- 6 6+ 7- 7
Concrete Dams 50 - - - - - - -
Earth and’or Rock Fill Dams | 219 - 1 5 3 2 - 1
Hyvdraulic Fill Dams ! 11 - - l 1 - - 3 -
Catifornia Acueduct !
Facilities 15 ‘ - 2 3 1 3 - -
Highway Overcrossings | j
> 500 ft in Length 198 1 - |1 2 - - . .
Public Airports 108 j - - 1 4 1 - -
Military Airports 16 i - - - - 1 - -
Natural Gas Transmission i E | i ;
Facilities 16 - - - - 1 - - }
Electric Power Generation f j
and Distribution Facilities 343 3 5 5 6 12 2 5 !
Petroleum Pumping, Terminal, é
and Refinery Facilities 93 1 - | 4 4 6 - 1

*Related conveyance systems are not included in the tabulation.
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SUMMARY AND RECOMMENDATIONS

The EIS evaluation of the potential effects of the postulated earthquake on
structures took into consideration not only magnitude, distance, and local

geology but also the frequency content of the ground motion at the site and
the dynamic response parameters of structures at the site. This was accom-

plished using the response spectra as a basis of evaluation.

Effects were evaluated using the El-damage relationships determined from
past earthquake damage studies. For those structures that had not been
studied previously, the El-damage relationships were obtained by determining
the design basis of the structures and then correlating the design coeffi-
cients with those of typical buildings. The results appear to be reasonable

and are consistent with the results of other, similar studies.

Residential buildings comprise the major portion of the buildings in a com-
munity. Consequently, losses from these buildings figure heavily in the
total dollar loss to the community from an earthquake. The total damage to
private buildings from the hypothetical earthquake is estimated to be about
$600 million (1977 value); an equal amount is estimated for damage to public
buildings and other public structures. This figure is an estimate of the
mean or expected damage for the entire area. The actual damage cost may vary
somewhat, depending on the distribution of damage for the many communities
involved. Observed statistical variations from previous earthquake studies,
for both the spectral values and the motion-damage relationships, will ex-
pectedly be repeated for any future earthquake. A r<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>